Diversity and nematode abundance were investigated in soils collected around the Gangue hill of Fushun West open-pit mine to evaluate soil pollution, due to heavy metals contents, using nematodes as bioindicators. Nematodes were collected from soil samples using elutriate-sievingflotation and centrifugation methods. The species richness and ecological indices were analyzed. On the base of chemical and nematological analysis, the results indicated that the area around the Gangue hill of Fushun West Openpit mine was polluted by heavy metal, but the degree of pollution was not very serious. According to the results obtained from single-factor analysis, cadmium soil content was ten times higher than the background; 29 genera of nematodes were identified and Acrobeloides, Cervidellus and Mesorhabtidis were the dominant genera in almost all sampling sites. The dominant genera were different as the distances to the Gangue hill changed. In particular, in the investigated areas bacterivores and plant-parasites nematodes were more diffuse than fungivores and omnivorepredators. Copper soil content was significantly correlated with plant parasitic trophic group and with total number of nematodes, thus suggesting that nematode communities studies are important scientific basis for understanding the healthy development of soil ecosystem.
Introduction
Accumulation of gangue as well as its spontaneous combustion can cause severe pollution and adverse effects on the surrounding environment in the mining area. The emissions during the spontaneous combustion such as carbon and sulfur dioxide, nitrogen oxides, hydrogen sulfide and various dusts are seriously harmful to atmospheric and water environments. Gangue leachates deriving by rain ….. contain a lot of harmful heavy metals and acidic water which pollute both surface water and groundwater. In addition, these materials cause air and soil pollution, and they seriously undermine the mining area and the surrounding ecological environment. Soil nematodes are important functional components in soil-ecosystem (Freckman, 1988; Hu et al., 1999) and they play important roles in the process of organic matter decomposition (Ingham et al., 1985; Hu et al., 1999) and mineralization of plant nutrients and their cycles. Because of soil nematofauna is rich in many categories and nematode genera, many species can survive in extreme conditions (Powers et al., 1995; Freckman & Virginia, 1997) , moreover soil nematodes have a short reproduction time and they are highly responsive to habitat changes. Researches about them not only reveal structure of the soil ecosystem, but also provide unique information about soil ecological processes (Ritz & Trudgill, 1999) . Therefore, nematodes can be widely used as indicator organisms useful to assess the degree of soil disturbance (Bongers, 1990; Wasilewska, 1997; Yeates et al., 1999a Yeates et al., , 1999b . Nematodes have potential ability to monitor the status and the processes of the soil-ecosystem (Ritz & Trudgill, 1999) and they can be used as informative factors in different ecosystems (Wardle et al., 1995; Freckman & Virginia, 1997; Yeates et al., 1999b) . Composition of soil nematode communities and the changes of their diversity can also instruct disturbance and restore level of soil ecosystem (Pate et al., 2000; Panesar et al., 2001; Háněl, 2003; Čerevková & Renčo, 2009) . Since the 1990s, many countries focused their attention on researches about changes of soil nematode communities in different environmental conditions and management (Sohlenius et al., 1987; Freckman & Ettema, 1993; Fu et al., 2000; Renčo, 2003 Renčo, , 2004 Ferris et al., 2004; Wasilewska, 2006; Zolda & Háněl, 2007) . Some relevant researches were reported during the last two decades in China (Wang et al., 1992; Hu et al., 1993; Liang et al., 2005; Wu et al., 2005; Zhang et al., 2007a; Hu & Qi, 2010) . To provide a theoretical foundation for the soil nematodes, we used the area around Gangue hill as an experimental site and we focused our attention on number of soil nematode communities, community composition, diversity, trends of changes, heavy metal pollution gradients in different sites and soil environmental quality within nematodes can survival. Studies on soil nematode species diversity and their composition, such as trophic group diversity, life history and functional diversities, distribution and various eco-indices, are important elements to provide scientific bases for promoting the healthy development of soil-ecosystem, to offer references for further remedy of soil pollution and to supply an effective method to evaluate condition and level of heavy metal polluted soil in soil-zoology field. Fushun coalfield is located in northeast of Liaoning province, and it is the largest mining area in Liaoning. West Open-pit mine is located in the most western part of Fushun coalfield. In particular, the subsidiary open-pit mine named Old City was derived by Fushun Open-pit mine in 1914. In addition, other two open-pit mines in 1917 and 1927 were also derived. So the three open-pit mines were combined and they formed West Open-pit mine that is one of largest open-pit mines in the world and the largest in China (6.6 kilometers long, 2 kilometers wide, and 290 meters deep). Coal and pungernite are the main productions of West Open-pit mine. West Dumping Site is the biggest dumping site of West Open-pit mine, it is located in west of West Open-pit mine and 2.5 km away from it. There are steel and aluminum factories and mines at the back of it. Overall, the southern part of West Dumping Site is higher than the northern part, so the direction of catchment is from south to north. It has been used since 1928, so the rubbish materials have been accumulated for more than 80 years. It covers about 13.4 square kilometers and the main contents derive from openpit mine, such as oil-shale lean or spent shale. The West Dumping Site has created serious environmental problems and great harm to local people. Therefore, with the aim to evaluate soil pollution around Gangue hill of Fushun West Open-pit mine a soil nematode survey was carried out collecting soil samples for nematode extraction, their microscope observation and to evaluate the nematode communities changes according to heavy metal pollution gradient.
Material and Methods

Soil sampling
Soil samples, each consisting of fifteen cores (2.5 cm diameter × 20 cm deep), were collected from the area around Tian Tun and Qing Tai Zi where a gangue hill belongs to West Dumping Site situates in. Li Shi Zhai was considered as a reference point for six sampling sites which were perpendicular to gangue hill. There were three replications for each sampling site, samples were collected every 200 m by using three point hybrid-like method, the size of sampling grid was 40 m × 80 m. Sampling depth was about 20 cm because of at this soil depth nematodes are more abundant than other soil depths (Renčo et al., 2010) . For each soil sample, topsoil was removed and then approximately 500 g soil were collected and stored into plastic bags. The soil samples were labeled and in the laboratory they were stored in a refrigerator at 4 °C until their use for chemical analysis and nematode extraction. The soil was thoroughly mixed before to extract free-living soil nematodes. Nematodes were separated by using elutriate-sieving-flotation and centrifugation method (Barker et al., 1985) . The recovered nematodes were counted through microscopic observation and their total number was expressed per 100 g dry weight soil. One hundred randomly selected specimens per sample were identified to genus level, according to Siddiqi and Bongers Nematodes Category Map. The classification of nematodes was refered to bacterial feeders (BF); fungal feeders (FF); plant-parasites (PP) and omnivore-predators (OP) based on known feeding habitats or stoma and esophageal morphology (Yeates et al., 1993; Yardim & Edwards, 1998; Liang et al., 2001) . Soil samples were air-dried, stones were removed, soil was weighted and aggregated particles crushed. Soil was sieved on 2 mm pore sieve to obtain fine earth for chemical analysis. For each sample a representative amount of 0.5 g soil was digested by using HNO 3 -HClO 3 (3:1, v/v) to assess total heavy metal content. Soil samples were handled in the atomic absorption spectrophotometer to determine the content of Cd, Cu, Ni, Pb, and Zn.
Nematode ecological and diversity indices
The characteristics of the nematode communities were described by the following approaches and formulae: Ma- (Bongers, 1990) ; modified Maturity Index (∑MI), including plant parasitic nematodes (Bongers, 1990 ); Wasilewska index (WI) (Wasilewska, 1994) ; FF/BF ratio (Twinn, 1974) ; Shannon-Wiener Diversity Index (Hg) (Shannon & Weaver, 1949) ; Pielou Evenness Index (J') (Pielou, 1975) ; Simpson Index (λ) (Simpson, 1949) ; Species Richness Index (SR) (Yeates & King, 1997) ; Trophic Diversity Index (TD) (Heip et al., 1988) and Nematode Channel Ratio (NCR) (Tomar et al., 2009) . Data were statistical analyzed by using Microsoft Excel 2000 and SPSS 11.0 software packages.
Results, Discussion and Conclusions
Five heavy metals were determined in the soil samples collected around the Gangue hill of Fushun West Open-pit mine and their contents are reported in (Table 1) . The landscape of the Gangue hill is the result of gangue accumulation derived from anthropogenic activity, so the difference between its natural ingredients and those contained in natural mountains is significant. The relationship between pollution source and heavy metals concentrations in soil should be positively correlated, although the distance from pollution source and heavy metals concentrations in soil are negatively correlated according to the regularity of heavy metals migration in soil. However, with the exception of Ni soil concentration that was inversely proportional to the distance from Gangue hill, no significant correlation was observed among Cu, Pb, Cd and Zn soil concentrations and distance from Gangue hill ( Table  1) . Migration of heavy metals in soil is especially caused by the water in the soil environment. Sanches-Moreno and Navas (2007) published detailed results of a study on heavy metal polluted soils in southern Spain. This study focused on Cu, Ni, Pb and Zn effects of soils in an area polluted with toxic sludge of a pyrite mine. Total nematode abundance and divesity indices (WI, TD, λ, Hg, SR) and ecological indices (MI, PPI, ∑MI) were significantly lower in polluted than in non polluted soils. Zhang et al. (2007b) have studied in northeast China the effect on nematode community of Cu and Zn pollution in corn field near a copper smelter. Cu and Zn soil contents showed significant decreases with increasing distance from the smelter. In our study no significant trend of changes was observed along the sampling direction with the increase of distance from Gangue hill. This phenomenon was probably due to the 5 V-shape streams which derived from downside slope of Gangue hill and to the pattern of local irrigation. As consequence there was a disorder in the distribution of heavy metals concentrations in soil around Gangue hill. According to the source of food, nematodes can be divided into four trophic groups: Bacterial feeders (BF); Fungal feeders (FF); Plant parasites (PP) and Omnivorous-predators (OP); they reflect the structure of trophic groups in soil food webs (Ferris et al., 2001) . Nematological analysis showed that the most abundant trophic group was BF as observed in previous findings on other soil nematode communities although in different conditions (Liang et al., 2001; Renčo, 2003; 2004; Nahar et al., 2006; Lišková & Renčo, 2007) . Twenty-nine genera of nematodes were identified (Table 2 ). In particular, 10 genera were bacterivores, 2 genera were fungivores, 11 genera were plantparasites and 6 genera were omnivores-predators (Table 2 ). In the different sites, BF ranged between 34.1 % and 63.5 %, FF from 5.9 % and 16.1 %, PP from 23.5 % and 42.3 %, and OP ranged between 7.1 % and 16.4 %. The genera Crevidelus (site 6), Acrobeloides, (sites 5 and 4) Mesorhabditis (sites 1 and 6) and Protorhabditis (site 5) were dominant in BF group. For PP group, Pratylenchus accounted 20.0% at site 2, Hirschmanniella 18.1% at site 1 and Helicotylenchus 14.4 % at site 4 were the dominant genera. The genus Aphelenchoides (FF) compose 13.6 % of total nematofauna at site 3 (Table 2 ). BF and PP had a higher absolute abundance at all sampling sites in comparison to FF and OP (Table 2 ). In particular, at site 1, the nearest point to pollution source, these two trophic groups represented about 80 % of the total number of nematodes indicating that the most tolerable species belong to these two trophic groups. These results are partialy in accordance with findings by Chen et al. (2008) . These authors found that soil samples, collected along the Yellow River, in the Lanzhou area of China, in sites with a severe contamination by heavy metals, showed the lowest abundance of FF and OP and the highest proportion of BF.
In contrast, in a site with a minor pollution by heavy metals the soil contained the highest abundance of PP. In our investigation most of the non-tolerable nematode genera were FF or OP and they could decrease their number or disappear if the environment conditions are significantly more pollutant (Table 2) .
Mean WI values ranged between 1.09 and 2.95 and they are comparable to the mean values observed by Liang et al. (1999) for a potato field and by Pen-Mouratov et al. (2008) in a desert communities (Table 3) . The structure of the microflora community can be represented by FF/BF ratios. They reflect and indicate the status of the decomposition pathway in detrital food webs (Ruess, 2003) . These values ranged between 0.09 and 0.43 and they were higher than that observed in a long term field experiment of organic manure soil treatments (Hu & Qi, 2010) , indicating a large bacterial population presence with a dominant bacterial decomposition pathway (Table 3) . Simpson index (λ) was used to assess the dominance of all nematode genera in the samples and it weights common species. The observed λ values (0.09 -0.12) were lower than that obtained by Pen-Mouratov et al. (2004) and Hu & Qi (2010) (0.14 -0.22) (Table 3) in uncontaminated areas and also than that recorded in similar polluted area in China (Tomar et al., 2009) . The Shannon index (Hg) affords more weight to rare species, and a high value indicates greater diversity. The Hg values observed in this study ranged between 2.37 and 2.70 and they were higher than those observed by Bulluck et al. (2002) (0.55 -1.47) in a soil in which tomato crop was cultivated and by Tomar et al. (2009) (1.65 -2.06) close to polluted area of Highway (Table 3) . The maturity index (MI) is a valuable tool for evaluation of the impact of pollutants on nematodes and can reflect the degree of disturbance of the soil ecosystem. MI showed a decreasing trend with the increase of distance from Gangue hill (Table 3) , because of the soil was impacted by anthropological factors and the land around Gangue hill was exploited and become farmland. The land far away from Gangue hill was exploited early, while the land close to it was exploited later. In this study MI values ranged from 2.58 to 2.88 and they were lower than that reported in Chinese paddy fields (2.86 -3.23) by Liu et al. (2008 If the correlation between community indices and heavy metal contents was concerned we can observed that: TNEM was only positively correlated with Cu soil content (P = 0.05); the values of S, Hg and SR were only positively correlated with Ni soil content (P < 0.05); PPI and MI were only positively correlated with Cd soil content (P < 0.05); FF/BF was positively correlated with Cu, Pb and Cd at a higher statistical probability (P = 0.01) ( Table 4 ).
In conclusion, on the base of results of this investigation and of that of previous studies it is difficult to make genaralizations about the effect of heavy metal contanimations on soil nematode comminities. Results of soil nematological analysis are largely influenced by the ecosystem type, pH soil, vegetation and many other factors. However, in general, heavy metals had an adverse effect on the changes of nematode community structure (TNEM, richness and maturity indices) to which they are correlated. In every case, nematode communities remain the most important and significant biological indicators of soil pollution.
